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FIGS. 1A to IF. Generation of hSecurin-/-human cells by homologous 
recombination. 

FIG. 1A. Schematic of knockout vector design with numbered black boxes 

denoting hSecurin exons . 
FIG. IB. PCR analysis of genomic DNA using STS A and STS B as primers and 

NEO ORF as a control. 
FIG. 1C. Southern blot analysis confirms homozygous inactivation of the 

hSecurin locus. 

FIG. ID. Western blotting of hSecurin-/- and hSecurin+/+ cell lysates with 
hSecurin-specif ic antibodies (arrows) . (*) denotes a non-specific 
background band. 

FIG. IE. Flow cytometry analysis of hSecurin+/+ and hSecurin-/cells 

FIG. IF. Cell cycle distribution, apoptotic fraction, and mitotic index of 

exponentially growing hSecurin+/+ and hSecurin/-cells . 
FIGS. 2A to 2G. Chromosomal instability in hSecurin-/-cells . FISH analysis 

of hSecurin+/+ (FIG. 2A) and hSecurin-/-cells (FIGS. 2B-E) with probes 

specific for chromosome 7 (red) and chromosome 12 

(green) (FIGS. 2A-D) , or with a pan-centromeric probe (FIG. 2E) . Nuclear 
DNA was stained with DAPI (blue). (FIG. 2F) Chromosome gains 
and losses in hSecurin+/+ and hSecurin-/cells . The number of FISH signals 
per cell was determined for chromosomes 7, 12, 17, and X. The 
fraction of cells with FISH signals equal to the modal value of two ( 
chromosomes 7, 12, and 17) or the modal value of one (X 
chromosome) is highlighted in yellow. Non-modal cell populations 
accounting for 5 percent or more of the total are highlighted in green 
(for chromosome gains) and red (for chromosome 

losses) . The total fraction of cells off the mode is given in the 

far-right column, summary of the percentage of hSecurin+/+ (HCT116) and 

hSecurin-/- (KOI, K02) cells off the mode (FIG. 2G, left panel) and 

frequency of nuclear 'bud 1 structures in hSecurin+/+ and hSecurin-/-cells 

(FIG. 2G, right panel) . 
FIGS. 3A to 3D. Multiplex-FISH analysis of CIN phenotype in 

hSecurin-/-cells . 
FIG. 3A. M-FISH karyotype from a hSecurin-/-cell metaphase. 
FIGS. 3B-D. Summary of M-FISH data from parental hSecurin+/+ HCT116 cells 

(B) and from hSecurin-/-cells (C-D) . Loss of a single copy of a given 

chromosome is marked in red, loss of both copies is marked in 

black, and gain of a single copy is marked in green. 
FIGS. 4A to 4C. Defective execution of an a phase in hSecurin-/cells . 
FIGS. 4A-B. Time lapse microscopy of hSecurin+/+ cells (A) and 

hSecurin-/-cells (B) stably expressing a histone H2B-GFP fusion protein. 

Arrows indicate aligned metaphase chromosomes, i.e., time 0. 
FIG. 4C. Quantitative analysis of mitotic intervals in hSecurin+/ + and 

hSecurin-/-cells . 
FIGS. 5A to 5C. Separin regulation is defective in 

hSecurin-/cells . 

FIG. 5A. Lysates from HeLa cells arrested with nocodazole and released for 
1.5 or 2.5 hours (left panel) and from log phase hSecurin+/+ and 
hSecurin-/-cells (right panel) were probed with antibodies to 
separin. The positions of the full-length (p200) and cleaved 
(p60) forms of separin are indicated. (*) mark a non-specific 
background band. 

FIG. 5B. Cell cycle analysis of separin dynamics. hSecurin+/+ 
cells (left panel) and hSecurin-/-cells (right panel) were synchronized 
by sequential thymidine-aphidicolin blocks, released at the indicated 
time points, and FACS analysis was performed. 

FIG. 5C. Immunoblotting of synchronized cell lysates with antibodies to 
separin, phosphorylated histone H3, cyclin B, and the CDK 
inhibitor p21WAFl/CIPl . Full-length (p200) and cleaved p60 
separin are indicated. (*) indicate a non-specific band. 



processing and activation of separin protease in vitro. 

FIG. 6A. Immunoprecipitation of nocodazole-arrested HeLa cell and 
hSecurin+/+ and hSecurin-/-HCT116 cell extracts with antibodies to 
separin followed by immunoblotting before (-) and after ( + ) 
incubation in mitotic Xenopus extracts as a source of active APC 
(Waizenegger et al., 2000). (*) mark a slowermigrating separin 
fragment seen in all six lanes of the in vitro assay. 

FIGS. 6B-6C. Separin immunoprecipitates were incubated with 
mitotic Xenopus extracts, washed, and added to purified cohesin 
complexes. Samples were taken at different time points and analyzed by 
immunoblotting with myc antibodies. Full-length SCCl-myc migrates at 18 
150 kDa; a SCCl-myc cleavage product of 110 kDa (FIG. 7B) . A 55 kDa Sccl 
cleavage product (arrows) absent from reactions using separin 
isolated from hSecurindef icient cells (FIG. 7C) . 

FIG. 6D. hSecurin+/+ and hSecurin-/-HCT116 cells were transfected with 
Sccl-myc, nocodazole-synchronized in midmitosis, released from the 
nocodazole block and collected at the indicated time points. Lysates were 
analyzed by immunoblotting with myc antibody (top panels) and cyclin B 
antibody (bottom panels) . Arrowhead marks the anaphase-specif ic 55 kDa 
Sccl-myc cleavage product. {*) indicates antibody crossreacting band. 

FIG. 7. Two-step ! Trigger Lock' model for the role of hSecurin in sister 
chromatid separation. 
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